The Orthopaedic In-Training Examination is a comprehensive test produced annually by the American Academy of Orthopaedic Surgeons, and was fi rst administered in 1963. At the time of the examination's conception, its objectives were to: (1) measure the knowledge of orthopedic residents and provide objective comparisons; (2) help determine acceptable minimal standards for trainees; and (3) help provide an objective assessment of orthopedic education. We retrospectively reviewed all Orthopaedic In-Training Examinations from 2004 to 2008, with particular focus on the questions listed in the musculoskeletal trauma domain on each year's program director report. The musculoskeletal trauma domain, including topics, recommended answers, and references, was reviewed to provide an educational resource for residents and residency programs when studying or designing educational curricula. The information in this analysis may help in development of a core musculoskeletal trauma knowledge base or facilitate determination of appropriate journal club and didactic lecture content.
T he Orthopaedic In-Training Examination is a comprehensive test produced annually by the American Academy of Orthopaedic Surgeons (AAOS), and was fi rst administered in 1963. It is the fi rst examination of its kind to be used for surgical subspecialty residents, and has subsequently been used as a model for other surgical subspecialties. 1, 2 At the time of the examination's conception, its objectives were to: (1) measure the knowledge of orthopedic residents and provide objective comparisons; (2) help determine acceptable minimal standards for trainees; and (3) help provide an objective assessment of orthopedic education. 1 The Orthopaedic In-Training Examination has continued to evolve since its inception; the current examination is composed of 275 questions divided into 12 domains: basic science and tumors, foot and ankle, hand surgery, hip and reconstructive surgery, medically-related issues, musculoskeletal trauma, orthopedic diseases, pediatric orthopedics, rehabilitation, shoulder and elbow surgery, spine surgery, and sports medicine. An electronic version of the examination has been successfully developed and is currently the method of administering the examination to residents. 3 Individual questions often contain aspects of several different domains, but assignment of Orthopaedic In-Training Examination questions to one particular domain is done by the AAOS members involved in the test's creation.
After the Orthopaedic In-Training Examination is completed each year, the examination is given to each resident, along with a score sheet, preferred responses, and recommended references for each question. It allows objective comparison of resident education and knowledge, as well as providing a valuable study resource for future examinations, including the American Board of Orthopaedic Surgery certifying examination. Areas of knowledge defi cit can be identifi ed and appropriately attended to; the reference lists provide a valuable resource in recognizing important reading and study materials.
Recently, several domains of the Orthopaedic In-Training Examination have been analyzed, including pathology, pediatric orthopedics, foot and ankle surgery, hand surgery, and sports medicine. [4] [5] [6] [7] [8] The musculoskeletal trauma domain of the examination is the largest subset of this examination, and to our knowledge, no evaluation of this critical aspect has been performed. We analyzed the Orthopaedic In-Training Examination musculoskeletal trauma domain, including topics, recommended answers, and references, to provide an educational resource for residents and residency programs when studying or designing educational curricula. The information in this analysis may help in development of a core musculoskeletal trauma knowledge base or facilitate determination of appropriate journal club and didactic lecture content.
MATERIALS AND METHODS
We retrospectively reviewed all Orthopaedic In-Training Examinations from 2004 to 2008, with particular focus on the questions listed in the musculoskeletal trauma domain on each year's program director report. All questions discarded for scoring were similarly discarded from analysis in this study.
The number and percentage of trauma questions were recorded fi rst, followed by identifi cation of question topic(s), treatment modalities, and presence/type of imaging accompanying questions. The questions were then each classifi ed into 3 different taxonomy groups, as defi ned by Frassica et al. 4 In this taxonomy, type 1 questions are those that require simple recollection of facts or data. Type 2 questions require interpretation of data to formulate a diagnosis. Type 3 questions involve complex problem solving, including formulation of a diagnosis with appropriate treatment protocols from limited information available in the question stem.
The program director's report was then used to scrutinize the references involved in question creation. The number of references per question, type of reference, reference source, and time from reference to question administration were all recorded and analyzed.
RESULTS
The number of trauma questions during the 5-year review period was consistent year to year, ranging between 49 and 52 questions per year; this accounted for approximately 18.9% (yearly range, 18.3%-19.4%) of the examination annually ( Table 1 ). The most common general question category was lower-extremity trauma (50.0%), followed by upper-extremity trauma (19.6%) and pelvis/acetabular trauma (12.9%) ( Table 2) .
Additional analysis of the questions revealed that basic science questions were the most common (10.2%), but that 16 other topics were tested, on average, at least once per examination over this 5-year period (Table 3) . These frequently seen topics were all related to lower-extremity trauma, with the exception of the aforementioned basic science, nonunions Treatment modalities were tested in 67.5% of the questions evaluated in the musculoskeletal trauma domain. Open reduction and internal fi xation techniques were the most commonly asked or discussed, whereas only a single arthroscopy-related question was included in this domain over the period examined (Table 4) . Imaging modality analysis revealed that plain radiographs were by far the most common shown, accounting for 85.9% of the images given for this topic over the time period evaluated ( Table 5) .
Investigation of the taxonomy revealed that the simple fact-recall questions (type 1) were the most prevalent (58.7%), with the most complex problem-solving questions (type 3) being the next most common (24.4%). The questions requiring formulation of a diagnosis from clinical and/or radiographic information (type 2) only made up 16.9% of the total trauma domain (Table 6 ).
Primary journal article references were given in 75.4% (416 of 552 references), with 35 different journals referenced in this time period. The Journal of Orthopaedic Trauma (28.8% of all journals) and The Journal of Bone and Joint Surgery (American) (26.0% of all journals) were the most commonly referenced journals by a signifi cant margin. A total of 24 different textbooks were referenced in this domain over this time period; Orthopaedic Knowledge Update: Trauma (second or third edition) (26.5% of all textbooks referenced) and Skeletal Trauma (24.6% of all textbooks referenced) were the most repeated reference by a signifi cant amount. Table 7 lists the journal and textbook references given at least once per year, on average, over the time span evaluated. The question references were most commonly from references within 5 years of their examination year (51.4%), but that only 1.8% of the references were from sources published within 1 year of the test administration (Table 8) .
DISCUSSION
The Orthopaedic In-Training Examination remains a valuable educational tool for both educators and orthopedic residents, as defi cient areas of program or individual knowledge can be signifi cantly improved annually. Recently, evaluations of the pathology, pediatric orthopedics, foot and ankle surgery, hand surgery, and sports medicine domains have been published. [4] [5] [6] [7] [8] However, as the musculo- ■ Feature Article skeletal trauma section has remained the largest domain on the examination, careful attention must also be paid to this area to facilitate success on the Orthopaedic In-Training Examination. In addition, the vast majority of graduating residents will be required to know musculoskeletal trauma to succeed on the American Board of Orthopaedic Surgery Part I examination as well as in clinical practice, where variations of this topic are likely to be frequently encountered.
Attention to the reference breakdown can assist with resident reading selection as well as journal club development/design. Orthopedic journal clubs are commonplace in residency programs, with 99% of program directors reporting regular use of this educational forum. 9 In fact, regular review of current literature, specifi cally The Journal of Bone and Joint Surgery (American Volume) and The Journal of the American Academy of Orthopaedic Surgeons has been shown to have signifi cant positive correlations with Orthopaedic In-Training Examination performance. 10 Analysis of the musculoskeletal trauma section over the time period evaluated also points to the importance in reviewing The Journal of Orthopaedic Trauma, as this was the most frequently cited reference overall. In addition to journal club development, creation of a core reading curriculum, guided with knowledge of topics thought to be important to the AAOS and American Board of Orthopaedic Surgery, can systematically assist residents in achieving the goals of passing their board examinations and being prepared for clinical and/or academic practice.
This study points to the importance of maintaining a basic science knowledge base, as greater than 5 questions per year were asked on this topic alone. Signifi cant emphasis was also placed on lower-extremity trauma, which represented half of the entire domain. Simple recall of facts was by far the most common taxonomy type, but more complex critical thinking questions were seen in nearly a third of the musculoskeletal trauma domain. These higher-level questions require the synthesis of information recall, analytical thinking, and knowledge of treatment capabilities and outcomes.
Despite our best attempts to limit weaknesses, several inherent fl aws are present with this thorough evaluation. Full determination of the entire trauma-related question database is limited by the AAOS question maker assignment, which allows many trauma-related questions to be as- signed to other categories, such as arthroplasty, foot and ankle, and hand. We chose to follow this assignment to limit question selection bias by the authors and follow the precedent set forth by other similar analyses. [4] [5] [6] [7] [8] The short period of evaluation is somewhat limited, but effectively captures a resident's experience with the examination. Importantly, although we reviewed the questions provided in this time period, knowledge continues to evolve and selected topics may change accordingly. The addition of computerized testing may also signifi cantly alter the imaging modalities tested, as the availability of video, entire CT or MRI sequences, and combinations thereof will allow for continued development of the examination as technology continues to advance. 3 The results of this study should be used to help guide resident learning as well as curriculum development, as insight into the subjects and various taxonomy depths are given. Creation of a thorough, balanced educational curriculum can be performed if all resources are used; careful evaluations of learning tools and measures such as this should be incorporated to better evaluate current practices. 11 Similar to other medical fi elds, [12] [13] [14] [15] [16] orthopedic resident scores on the in-training examination have been shown to be correlated with performance on the written board examination. [17] [18] [19] Although high Orthopaedic InTraining Examination scores are not causative of passing American Board of Orthopaedic Surgery Part I examination scores, they may be seen as evidence of maturity of a well-rounded knowledge base, and will help to serve that individual well into his or her career as an orthopedic surgeon. We hope that this investigation would lead to residents reviewing the appropriate, high-yield material when studying for this examination.
